The study was useful for the treatment of Reactive red 223 (R223) and Coomassie brilliant blue R250 (CBBR250) binary dye system by electrocoagulation process (EC). Moreover, the Al and Fe electrode were used as an anode and cathode, respectively. The response surface methodology (RSM) was adopted by utilizing central composite design to plan the experimental runs. The EC process was preceded under the effect of operating parameters including pH, NaCl, voltage and electrolysis time. The % color and COD removals were examined as response variables. The removal efficiency of RR223 and CBBR250 dye at optimum values was 89% and 94% and COD removal was 100%. The kinetic study was performed to determine the rate and rate constant. First and second order kinetic models were studied to figure out the exact mechanism of the dye removal using EC process. The estimated cost of the experimental design about 4.486 US$/dm 3 was also determined. This study showed that EC process is an economical way for the treatment of waste water.
Introduction
The water bodies are being contaminated due to industrial and domestic discharges. To protect water reservoirs and living organism from life threatening diseases, various treatment methods were designed [1] . Dye is also considered as within the electrodes promotes the flotation process [12] . The metallic sludge obtained by EC is compact compared with those engendered by chemical process. The sludge that is formed as a result of electrocoagulation process also removes dye from solution by adsorption process. The general metal anode oxidation reaction can be expressed as: 
Metal ions are able to neutralize the dissolved pollutants and additionally the electrolysis of water occurs at the cathode and anode respectively: 
Moreover, the anodic metal ions form hydroxide which depends on the pH of the EC system. The metal cations and hydroxide ions form various poly hydroxides of the metal ions, and sweep to coagulation. 
The consistency of the EC process is found on the basis of power consumption at industrial scale [13] . Moreover, they have advantage due to fast tendency of color removal and low cost compared to other classical treatment methods [14] . Consequently, the EC process was chosen to treat the dye effluent. [15] . The present study focuses on impact of different operational parameters on color and COD removal from binary dye system. It can be employed for the treatment of waste water by designing a reactor at the waste stream by inserting only Fe, Al.
Materials and Methods

Materials and Instruments
The binary dye system was prepared by dissolving Reactive red 223 and Compassion brilliant blue R250 in deionized water. The structure of both of them is shown in Table 1 . The absorbance was measured by T80 UV/VIS Spectrometer.
The digital DC power supply (Yaxun 1502DD; 15 V, 2 A) was used to perform EC experiments. The pH was measured by (Portable pH/EC/TDS/Temperature HANNA, H19811-5). A 78HW-1 serial constant-temperature magnetic pug mill stirrer was used to perform agitation of the solution during EC process. The glass EC reactor was designed having 500 mL capacity. The Al anode and Fe cathode were used to perform EC experiments. Whereas FTIR model NICOLET 67,000 was used to study the structural variation in dyes after the process.
Electrocoagulation Setup
The EC setup is given in Figure 1 . The removal of binary dye system was carried out. The reactor consists of Al and Fe electrodes that are immersed in 500 ml of dye content. The initial pH of system was measured by multiple (Portable pH/EC/TDS/Temperature HANNA, H19811-5). The electrodes are connected to a DC power supply. The distance between them were kept constant throughout the experiment. The samples were ejected at different time intervals and analyzed to note their absorbance. Moreover all the experimental runs were 
Determination of Removal Efficiencies
The removal efficiencies of dyes were calculated as: 
The COD Measurements
The COD test is an indicator of organic component in waste water. 
pH, Conductance and TDS measurements
The pH, conductance and TDS were measured by (Portable pH/EC/TDS/Temperature HANNA, H19811-5). The pH and conductivity were adjusted to a desirable value using NaOH, H 2 SO 4 , and electrolyte (NaCl) respectively.
Calibration Curves
The binary dye system of RR223 and CBB-R250 was run and their concentrations were determined by standard calibration curve method.
Central Composite Design for Dyes Removal
The chemical process depends on different operational parameters they are optimized by RSM. Consequently, through this approach combine and interactive effect of factors are evaluated. Subsequently, the optimization of parameters is studied for % color and COD removal. To check the significance of operation variables including pH, [NaCl], Voltage and electrolysis time has maintained.
The CCD model with four factors at 5 levels is used to optimize the parameters for color and COD removal. Thirty (30) experimental runs are provided by software. A second-order polynomial model Equation (7) was applied to assess the correlations between the responses and also the freelance variables [17] .
where Y represent the predicted function; β 0 is an intercept; β i , β ii , and β ij are the linear coefficients, the quadratic coefficient, and the interaction coefficient, respectively; X i and X j represent the coded independent factors. The experimental runs determined by Minitab software 17 and their corresponding results are given in Table 2 .
Surface and Contour Plots
Response surface plots provide a method to predict the decolorization efficiency of dyes. Moreover, the contours of the plots help to identify the type of interactions between these variables. The maximum predicted yield was obtained and it was indicated by the surface confined in the smallest curve of the contour diagram [18] . The respective plots are showing the variation in target responses owing to variation in levels of operational parameters. was observed that in all the combined process variables showed the significant effect on the color and COD removal in electrocoagulation treatment process.
Result and Discussion
The Surface and Contour Plots of the Quadratic Model
Effect of pH on % Color Removal
In the EC process, the pH value of the solution plays a fundamental role in the pollutants removal [19] . The initial pH value was varied from 4 to 10. The effect of pH with other factors on % color removal potency is shown in Figure 2 and Figure 3 . The treatment at pH between 4 and 9 with Al electrodes has been studied by researchers [20] . It was observed that pH increases during EC process in acidic medium (pH 2.5, 4, and 6) and decreases in the pH ranges more than (pH The % color removal of reactive red223 is significantly affecting by the variation in pH levels as compared to CBBR250.The acidic medium is most favourable for both dyes % decolourization efficiency. The % decolourization potency of Coomassie brilliant blue dye in both acidic and alkaline media is virtually same.
When pH is acidified, H + ions neutralize the functional groups (such as phenolic, OH − , and -COO) of organic molecules that are negatively charged; thus, this protonic charge neutralization decreases their solubility in water which facilitate coagulation of molecules. The neutralization due to pH is the key step of the coagulation process [22] .
Effect of Amount of Electrolyte on % Color Removal
The purpose of addition of electrolyte is to increase the conductance of the solution. Therefore, adding NaCl as a supporting electrolyte is used to increase the solution conductivity. Consequently, a concentration of 1 -4g/L NaCl is chosen for the experiments. In the case of 1 g/L NaCl the % color removal efficiency were 57% and 74 % of RR223 and CBBR250 at neutral pH. While at 4 g/L NaCl the % decolourization increased upto 98% for both dyes at buffer conditions.
The effect of NaCl with other factors on % color removal potency is shown in Figure 2 and Figure 3 .
Effect of Voltage on % Color Removal
The removal of RR223 is significantly affecting due to variation in voltage. At 6.75 V the color removal potency of RR223 is 79% and enhanced upto 96% at 12
V. The removal potency of CBB250 has observed same at all levels of voltage as in Figure 2 and Figure 3 .
Effect of Dye Concentration on % Color Removal
The higher concentration of dye will require high dose of coagulants for coagu- 
Effect of pH on % COD Removal
At neutral pH the % COD removal efficiency is 76 % and at 5.5 pH value increased upto 97%. The experiments were carried out at different initial pH values at the vary of pH 4.0 -10. Generally, the pH of the medium inclined to increment throughout the method. The vicissitude in pH depends on the slightly electrode material and initial pH value. At low pH, CO 2 is dissolved into the solution and discharge of H 2 evolution, causing a pH increase. The effect of initial pH on the COD abstraction efficiencies is given in Figure 4 . The maximum abstraction rates were obtained at the cessation of a 50 min reaction time. As optically discerned, for pH < 6, between 91% and 94% for COD abstraction. COD Al(OH) 3 precipitation [24] . The best COD removals could be obtained in acidic pH value with aluminum electrodes [25] . In addition, they reported that when solution pH was increased to 7, removal rates decreased dramatically. When aluminum is used as the electrode material, acidic pH values are more convenient for the removal kinetics due to predominant form of Al(OH) 3 (s). The result is in accordance with kindred studies in literature [26] [27].
Effect of Amount of Electrolyte on % COD Removal
The conductivity of the textile wastewater was adjusted to the desired levels by 
Thus, above generated chlorine gas oxidizes dye molecules. The conductivity of the wastewater is adjusted to the desired levels by adding an appropriate amount of NaCl. This adjustment has shown negligible effect on the initial pH of the wastewater, approximately 0.3 pH units, with mean pH value of 6.8. It is clear that, for aluminum, the energy consumption is higher and electrode consumption is lower. For both electrodes, the energy and electrode consumptions decrease with increasing wastewater conductivity. It is observed that higher conductivity favors high process efficiency.
Effect of Voltage on % COD Removal
In fact, Voltage is directly proportional to current. When current increases, there
is an increase in aluminium dissolution. So, enhances the formation of hydroxide Al(OH) 3 . For long electrolysis times, the structure of the sludge may change, oxide anodes (MOx) was proposed by Comninellis [29] . At the first step, discharge of water occurs to produce hydroxyl radicals. There are two states of active oxygen; physically adsorbed active oxygen (adsorbed hydroxyl radicals MOx(OH)) and chemisorbed active oxygen (oxygen in the oxide lattice MO x+1 ) [30] . In the presence of oxidizable organics, combustion and conversion reactions may take place Equations ( (10) and (11)). These oxidation reactions compete with side reactions of oxygen evolution Equations ( (12) and (13));
Electrochemical oxidation of organics occurs theoretically before oxygen evolution [30] . By applying higher voltage concomitant oxygen evolution takes place that results in decreasing efficiency of organic oxidation. On the other hand, performing the process at higher voltages causes oxidation of poisoning products formed at the anode surface.
Effect of Dye Concentration on % COD Removal
In the study, another investigated parameter is initial dye concentration because wastewater properties change daily or even hourly. So, initial concentration was chosen as one of the parameters affecting the treatment efficiency of the system.
According to the result, high initial wastewater concentration decreases COD removal efficiencies, and this could be expounded by the high soluble COD content of the wastewater. In addition, this is possibly due to the formation of inadequate number of aluminum hydroxide complexes by the electrode at a given conductivity and cell voltage to coagulate the extortionate number of pollutant molecules at higher concentration. Soluble and miscible compounds that may not react with engendered metal ions will not be abstracted by EC and they will remain in solution. Just an iota can be adsorbed or absorbed on the floc and may consequently be abstracted incidentally. In brief, it can be verbally expressed that COD abstraction efficiency and its variability will depend on the formation of floc, which conventionally occurs at felicitous values of solution pH [31] . It was 
CCD Experimental Design
The experimental and the predicted responses correlation is quantitatively eva- Based on these plots, the residuals appear to be randomly scattered about zero. 
Pareto Charts Analysis
The Pareto plot helps to identify the significant factors that influence the target response. Linear, quadratic and interactive significance of factors on response are identified. The amount of electrolyte, pH and dyes concentration is the significant factors that are influencing the response. The amount of electrolyte factor has a greater effect on response compared to the other factors. This is due to 
ANOVA Test
ANOVA test is performed to study the influence of all factors on target response. Statistical significance of the model equation and model terms was evaluated by F-test and ANOVA [33] . Sum of squares (SS), DOF (degree of freedom), mean of square (MS), and associated F-test of importance (F) can be calculated as follows:
Description of abbreviations is as follows: ''k A '' is the number of the levels of factor A, ''nAi'' is the number of all observations at level ''i'' of factor A, A i is the sum of all observations of level ''i'' of factor A and T is the sum of all observations. SS of error is computed using the following equation:
SSe SS SS SS
where SST is the total SS: 
MSe is the variance of error [34] .
The analysis of variance (ANOVA) is presented in Table 4 are agreed from pare to chart too. The student −t distribution and the corresponding P-values, along with the parameter estimate, are given in Table 5 . The P-values were utilized as an implement to check the consequentiality of each of the coefficients, which in turn, are compulsory to understand the pattern of the mutual interactions between the variables studied. The more immensely colossal the magnitude of t-value and more minute P-value, the more paramount is the corresponding coefficient [35] . 
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Regression Equations
Based on second order polynomial model, an empirical relationship between the response and independent variables was attained and expressed by the following second-order polynomial equations: 
Optimization of Parameters
The goals of the optimization of EC system are to increase the response of color removal potency of two dyes. To solve this type of multi-objective optimization drawback, Derringer and Suich recommended the desirability perform Equation process of RR223 and Coomassie brilliant blue solutions is prosperous [36] .
Main Interaction Plots
Observation 
Full Interaction Plots
These are the plot between variables at a time and corresponding response is 
Kinetic Study
The First order and second order kinetics model was utilized, which are represented as follows:
The kinetic parameters of respective dyes system and energy consumption during the process is represented in Table 7 .
FTIR Studies and Characterization of Synthesized Sludge
Under the optimum conditions, the sludge mass engenderment rate for both dye Figure 9 . FTIR spectrum of (a) CBBR250 (b) RR223.
was found to be 1.14 g/L of the treated wastewater (on a dry substructure). The characterization of the EC-engendered sludge was performed with FT-IR as shown in Figure 9 .
Influence of the Chemical Structure of the Dyes
To ascertain the influence of supersession of the dye molecule on EC process efficiency, the decolorization of RR223 and Coomassie brilliant blue was com- 
Comparison between This Work and Previous Work
The comparative work is represented below to show the significance of EC process especially in electrode pair of Al/Fe for the treatment of dye effluent discharges. The comparison of electrode combination for different dyes removal is given in Table 8 .
Operating Cost Analysis
Energy, sacrificial electrodes and chemicals are used during the process and their costs are taken into account in the calculation of the operating cost, as US$ per dm 3 for the treatment of binary dye wastewater. ). The cost analysis related data is given in Table 9 .
Conclusions
Dyes are extensively utilized in textile industries. They are characterized by water solubility and structural diversity. So, it may be paramount to investigate processes which are able to decolorize wastewaters or to abstract dyes. Many electrochemical processes have been studied, including treatment by EC. The electrochemical process for the abstraction of organic matter from effluent was studied. 
